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ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has baen developed sclely for the
purpese of providing general guidance to employees of the Goddard Space Flight
Center (GSFC). Thie document may be Sistributed outside GSFC only as a
couxtaeey to other government agencies and contractora. any diastribution of
this document, or application or use of the information contained herein, is
expragely conditioned upon, and is subject to, the following understandings
and limitatione:

{a) The information wae developed for general guidance only and is
supject to change at any time;

{b} The information was developed under unique GSFC lakoratory conditiens
which wmay differ substantially from outside conditions;

{c) GESFC doaes not warrant the accuracy of the information when applied ox
used undeér other than unique GSFC laboratory conditions;

{d) The information should not be construed aas a representation of
product performance by either GSFC or the manufacturer;

{e) Neither the United States government nor any person acting on behalf
of tha United States government amsumes any liability resulting from
the application or use of the information.
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A radiation evaluation was performed on S5128K8L~56MC ta determine
the total dose tolerance of these parts. A brief summary of the

test results is provided below. For detailed information, refer

to Takles I through ¥V and Figurc 1.

The total dose testing was performed on twelve parts using a
cobalt-60 gamma ray source, while three parts were used as
control samples. The twelve irradiated parts were separated into
three test groups of four parts each, in corder to test the effect
of different biasing conditiens on the parts during irradiaticn.
Test Croups 1 and 2 (TGl and TG2) were biased during irradiation
using the circuit in Figure 1 with SW1 in the Static 1 and 2
positions, respectively. Test Group 3 (TG3) was left unbiased
during irradiation. The total dose radiation steps for each
group were 5, 10, 20, 40 and 80 krads . The dose rate was
between 0.3 - 1.2 krads/hour, depending on the total dose level
(see Table II for radiation schedule}. After 80 krads, parts
were annealed for 24 and 192 hours at 25°C. After each radiation
exposure and annealing treatment, parts were electrically tested
at 25°*C, according to the test conditions and the specification
limits listed in Table ITI. After the final annealing treatment,
electrical measurements were also made at high and low
temperature (125°'C, -55°C).

Six functionallf tests were also performed oh all parts after
each radiation exposure and annealing treatment (see Table IIL
and the notes that follow). Functional tests #1I, #3 and #5 (at
10 MHz, 5 MHz and 2 MHz, respectively) consisted of writing and
reading the following patterns: all cnes, all zeXos,
checkerboard and inverse checkerboard. Functional tests #2 and
#4 (at 10 MHz and 5 MHz, respectively) used the following test
patterns: "1 On" march, row address, celumnh address, sliding
diagonally, ping-pong, surrcund, row galpat, and column galpat.
Functional Test #6 consisted of writing a checkerboard pattern to
the parts, reducing the VveC voltage from 5V to 2V for 55ns and
then reading the pattern from the parts at 1MHz. This test is
also referred to as a data retention test.

During initial electrical measurements, nine of the fifteen parts
failed functional tests #2 and #4 at 5 and 10 MHz; however, all



parts, except one from TG2, passced all other functional tests.
After the first radiation exposure of 5 krads, parts from TGE3
continued to pass functional tests 1,3,5, and &; however, parts
from test groups 1 and 2 (parts that were biased during
irradiation) showed a higher number of functional failures - all
parts in TG2 failed all functional testing, and some parts in TGl
failed all tests - except functional test #5, which was performed
at a lower frequency (2 MHz). After 10 krads, all partse from TGl
and TG2 failed all functional tesiting, although most of the parts
from TG3 continmued to pass functional teste 1,3,5 and 6. At 30
krads and above, all parts from the three test groups failed all

functional tests. For details of functional test results, refer
to Table VI.

All parts from the three test groups passed all parametric
testing to 40 krads. Parts from TG3 passed all parametric tests
at 25"'C througheout the radiation testing; however, at 80 krads,
parts from the other two test groups failed VIH, VIL, VOH, VOL

tests at 25°C, and parts from TG2 failed some AC timing tests at
25°C.

During low temperature (=-55°C) measurements after 192 hours of
annealing, parts from TGl and TGZ failed VIH and VIL tests.
During high temperature (125°C) measurements after 192 hours of
annealing, current measurements drastically increased for all
three test groups for the following test parameters: ISBL/H,
ICCDR and ICCX. ICCX currents for parts in TGl and TG2 exXceeded
the measurement limlt of the test equipment. Although, current
readings for parts in TG3 were way bevond the specification linmit
for IcCcX, the readings were much lower than those for parts in
T¢l and TG2. Alsno, parts from all three test groups failed VIH
and VIL tests and AC timing measurements could not be made.
Parts from TG2 alsc failed VOH tests.

Table IV provides the mean and standard deviation values for each
test parameter after each radiation exposure and annealing
treatment, separated hy test group. Tahle V provides this data
for electrical measurements performed at low and high temperature
after the final annealing treatment. Table VI provides a summary
of functicnal test results for the three test groups.

Any further details about this evaluation can be obtained upon

request. If you have any guestions, please call me at (301) 731-
B9G4.

* In this report, the term "rads" is used as an abhreviation for
rads (8i).

1/ The test vectors for the functional tests were generated
uzing the Algorithmic Pattern Generator {(APG).

-



TABLE 1.

Generic Part Number:

GPEF/FPPL
Part Humber:

GPEP/PPL
Control Number:

Charge Number:
Manufacturer:

Lot Date Code:
puantity Tested:
Serial Numbers of
Radiation Samples:
Serial Numbers of
Control Samples:
Part Function:
Part Technolagy:

Package Style:

Test Engineer:

Part Infermation

S128KEL

S128KBL-535MC

41400

Cl4070C

Inova MicroElectronics
9104E

15

8, 9, 16, 20 (TG1l)
3, 5, 6, 7 (1IG2)
17, 21, 24, 25 (TG3)
4, 22, 23

128k = 8 SRAM

CMOS

32-Pin DIP

J. Lander



TABLE II. Radiation Schedule for S12BKB8L-55MC

EVENTS DATE

1) Imitial Electrical Measurements 08/09/91
2) 5 krads irradiation @ 260 rads/hr 0B/12/91
Post 5 krads Electrical Measurements 08/13/91
3) 10 krads irradiation @ 260 rads/hr 08/13/91
Post 10 krads Electrical Measurements 08/14/91
4) 20 krads irradiation @ 500 rads/hr 08/14/91
Post 20 krads Electrical Measurenents 08/15/91
5) 40 krads irradiation @ 1200 rads/hr 08/15/91
Post 40 krads Electrical Measurements 08/16/91
6) 80 krads irradiation @ 600 rads/hr 08/16/91
Post 80 kKrads Electrical Measurements 08/19/91
7} 24 hour annealing 08/19/91
Post 24 hr Electrical Measurements 0B/20/91
8} 192 hour annealing 08/19/91
Post 192 hry Electrical Measurements QB/27/91

Notes:

- All parts were radiated at the cobalt-60 gamma ray facility at
GSFC.

- All electrical measurements were performed coff-site at 25°(C,
except for the 192 hour annealing electrical measurements, which
were performed at 25°C, =55°C, and 125°C.

- Annealing performed at 25°C under bias.



Table TII.
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Electrical characteristics of S5128K8L~535MC

e ————— R e R

YVIH CONDITIONS BPINS LIMITS 2%C,-55C & 12bC
FUNCT # 1 .0V 0.0V 5.0V FREQ = 10 MHz ALL I/Q VOT<1.5V , VOH»L.5V
FUNCT # 2 5.0V 0.0V 5.0V FREQ = 10 MHz ALL I/0 VOL{1.5V , VOH>1.5V
FUNCT # 3 5.0V 0.0V 5.0V FREQ = 5 MHz ALL 1/0 VOL{1.5V , VOH>1.5V
FUNCT # 4 5.0V 0.0V 5,0V FREQ = 5 MHz ALL I1/0 VOT<1.5V , VOH>1.5V
FUNCT # & 5.0V 0.0V 5.0V FREQ = 2 MHz ALL I/0 VOL{1.5V , VOH»1.5V
FUONCT # 6 5.0V 0.0V 5.0V FREQ 1 MHz ALL I/O VOL<(1.5V , VOH)1.5V
DC PARBRMETRIC TESTS
PARAMETER VCC VIL VIH  CONDITIONS PiNG [LIMITS 25C,~55C & 125C
il ol —— -] ==m= ] b= ——— frdhl i L S o =zSE=== :;-u:'E‘:.:::;:::::::.—-::':Eﬂ::'—':
VIH_5.5V 5.5V 0.0V 0.8V FREQ= 1MHZ ING > 0.0V, €v2.ZV
VIL 4.5V 4.5V 2.2V 4.5V FRE{Q= 1MHZ INS 340.8V , (+5.5V
VOH1 4.5V 0.8V 2.2V LOAD= -4MA OUTS >+2.4V  , <{(+5.5V
1 oy7 4.5V 0.0V 4.5V LOAD= -4MA OUTS Y+2.4V , <(+5.5V
1 4.5V 0.BV 2.2V LOAD= +8MA oUTS > 0.0V, <(+0.3V
oz 4.5V 0.0V 4.5V LOAD= +BMA OUTS y 0.0V , <{+0.4V
TIH 5.5V 0.0V 5.5V VIN = 5.5V TNS Y 0.0U& , <{+0UA
IIL S.5V 0.0V 5.5V VIN = 0.0V INS y-10UR , ¢ 0.OUA
TLOH 5.5V 0.0V 5.5V VOUT= 5.5V OUTS »-10UA , <+10UA
TLOL 5.5V 0.0V 5.5V VOUT= 0.0V QUTS y-10UA , <(+10UA
ISEL_T¥L 5.5V 0.8V 2.2V CS+0E=2.2V vee S 0.0MA , {+25MA
ISBH_TTL 5.5V 0.8V 2.2V CS+OE=2.2V vCC > 0.0MA , (+25MA
ISBL_CMS 5.5V 0.0V 5.3V CS40E=2.2V VCC y 0.0MA , <+1CMA
ISBH_CMS 5.5V 0.0V 5.3V CS10E=2.2V vCC "y 0.0MA , <{+10MA
ICCDR 2.0V 0.2V 1.8V CS+0E+WE=).BV VCC > C.0UA , <+1.0MA
1CCX 5.5V 0.0V 5.3V F=1MHZ,1K BLK VCC 5 0.0MA , <+10MA
ICCD .5V 0.0V 5.5V FRQ=18.2MH%  VCC 5 0.0MA , <+1l15MA
AC PARAMEIRIC TESTS
PARAMETER VCC VIL  Vifl CONDITIONS PINS TIMITS 25C,-55C & 125C
¢AMl_LH 4.5V 0.0V 3,0V F=1.0MHz ,VCMP=1.5V QUTPUTS > Ons , ¢ 5508
TAAL HL 4.5V 0.0V 3.0V F=1,0MHz VOMP=1,5V OUTPUTS > Ons , ¢ 5308
TAAZ LH 5.5V 0.0V 3.0V F=1.0MHz VCMP-1.5V QUTEUTS ) Ons , < 55n8
TAAZ ML 5.5V 0.0V 3.0V F=1.0MHz VCMP=1.5V QUTPUTS ) Ons , < 5908

e e ————— o i —— T -
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Notes for Table IXX

1 ____..-—.._.___..,_..4___...,__._......_..._-_...____________u---.--—-—-———-—---—-————--—-—---———“‘—""—'—'—_,—————_T—,---'--_7-,-—_ =

FUNCTIONAT, TESTS ARE PERFORMED AT VCC=5.0V ONLY.

FUNCTIONAL TESTS #1, #2 L #b CONSISTS OF THE FOLLOWING PATTERNS :
1 - ALL_CNES 2 -~ ALL_ZEROS
3 - CHECKERHUARD 4 - YNVERSED CHECKERBUOARD

FUNCTIONAL TESTS #2 & #4 CONSTSTS OF THE FOLLOWING APG PATTERNG

1 - “10N" MARCH 2 ~ ROW_ADDRESS

3 - COL_ADDRESS 4 - SLIDING_DIAGONALLY
5 - PING_PONG 6 -~ SURROUND

7 - ROW_GALPAT g - (OL_GALPAT

FUNCTIONAL TESTS #6 CONSISTS 0F THE FOLLOWLING 3
HRITE CHECKERBOARRD {ALL ADDOREEEES)

- REDUCE VvCC TO 2.0V T0 PERFORM DATA FETENTIOK TEST.

- WAIT KBnE AT VCC = Z.0V

- INCREASE VCC BACK TO 5.0V

~ READ CHECKERBOARD {ALL ADDRESSES)

VIL & VIH WERE TESTED DYNAMICALLY @ 1MHZ FUNCTIONAL -AND GO/NOCO DURING

VOL & WVOH DC TESTS.

I£CYX : STAND BY QUIESCENT CURRENT MEASUREMENT FFOR EVERY 1044 ADDREESS
LOCATIONS. CONSIST OF THE FOLLOWING PROCEDURE :
{a} - WRITE ZEROES (ALL AUDDRESSES).

{(b) - WRITE ONES TO0 THE FIR3T 10Z4 ADDRESSES.

{c) -~ PERFORM AN ICCSE MEASUREMENLS.

{(d) - WRITE ZERCES TO THE FIRST 1044 ADDRESGES.

{g) - REPEAT STEPS (b)->{d) FOR THE NEXT 1024 ADDRESSELES AND S50 ON,

FOR A TOTAL OF 128 READINGS (12BK ADDRESSESDS).

TESTS NOT PERFORMED :
- CIN , CCLKL & COUT TESL.

-~ WRITE/READ CYCLE TIMING PERFORMED GOQ/NOGD @ 10.0MHz (FUNCT #) & #2).

- ONLY ANDRESS ACCESS TIME PROP. DELAYS WERE PERIMORMED (TAA TESTS).
- ALL QOTHER A TESTS ARE NOT BEING PERFORMED WITHIKE THIE PROGRAM.

THIS PROGRAM TESBTS FOR CONTINUITY AND OHIENTATION TESTS. ALS0O THIS
PROGRAM WILL PERFORM AN OPPOSITE STATE VOL & VOH TEST.

el b e i oo i I P R M e M e M M M M e S kv ek e el Bk el S e e Tew e b i e RS el ey Ak A RN ra e A e




TABLE IV: Summary of El

.al Measurements after

Total Dose Exposures and Annealing for S128K8L-55MC 1/
Group 1 - Static 1, Biased
Total Dese Exposure (krads) Annealing
Pre- 5 10 20 40 80 24 hrs 192 hrs
gpee, Limpits |Irradlation

Parameters nin mex | mean mean sd mean &84 |mean sd
viH. nin V| 0 2.2 12.¢
VIL, max v|0.8B 5.5 C.¢
VOH1 V] 2.4 5.5 2.6
¥YOHZ V| 2.4 5.5 1.8
VoLl mv| @ 400 6
VOL2 ov| ¢ 400 6
IIH wr{ 0 1D 0
IIL udj -10 0 0
ILDH uldf -10 10 0
ILDL ud| -10 10 0
ISBL_TTL mA| 0 25 .08
ISBH_TTL :A| O 25 .07
ISBIL_CMS mA| 0 10 0.1
ISBH_CMS mA| 0 10 0.1
ICCDR wA| 9 1000 27
ICOX ma Q0 10 .2
1CCD ma| 0 115 1.8 .
Taadl LE ns| 0 55 5.3
TARL L. ngf 0 55 1.3,
TAA2 LH as| 0 55 0.7 °
TALZ AL  nas| 0 55 2 1.1 |

¢Table IV conilnued on

next page*




Table IV. (continued)

Group 2 - Static 2, Biased

Tatal Dose Exposure {krads) Annealing |
Pra- 10 20 40 80 24 hrs 192 hrs
Spec. Limits |[Icradiation

Parameters rin max |mean &4 mean sd |mean sd |mean sd sd
lvIH, min v| 0 2.2 0 " 1,95
'WIL. max V| 0.8 5.5 0 4.5
iVOH1 v| 2.4 5.5 0.1 .01
vH2 vl 2.4 5.5 03 .91
VOL1 omv| o 400 i1 6
vOoL2 mv ] 400 oy | 6
I1H uh| O 10 .03 02
TIL uad| -10 i 0 0
ILDHA ud| -10 i0 4 .01
I.0L uh| -10 10 0 0
ISBL_TTL maA| © 25 0.1 05
ISBH TTL mA] 0 25 0.1 06
ISBL CMS mAi 0 10 .05 .06
ISBH_CMS A | 0 10 |02 .06 .06
ICCDR un| 0 1000 |52 29 22
ICOX oal o 10 | : .0B .06
ICCD mA| 0 115 1.6 1
TAAL LE  ns| O 55 i
TAAL_HI, ns| 90 55 e 7.0
TAAZ LE  ns| 0 55 o
TAAZ_HL ne| O 55 34 o 2.4

* No measurements could be made due to radiation damage in the parts.

<Tablea IV continued on next pager



Table IV. (continued)

Group 3 - Unbiased
Toctal Dose Exposure (krads) Annealing
Fre- 10 20 40 a0 24 hrs 192 hrs
Spac. Limites iIrradiation

Parameters min max |mean gd mean  sd ad mean ad
VIH. min  v| 0 2.2 [& .02 1 .05 .03 i .01
IYIL., max V| 0.8 5.5 .04 .03 01 .01
VOH1 v| 2.4 5.5 0.1 0.8 .01
VOH?2 V| 2.4 5.5 .04 .05 .04 .01
YoLl nv ] 400 10 10 3 7
VOLZ my 0 400 10 g 7
IIH ud| ¢ 10 ] 0 0
IIL ud | -10 0 0 0 0
1LDE uA{ -10 10 0 0 0
ILDL wh| -10 10 ] f 0
ISBL_TTL ma| 0 25 .1 .03 02
IS3H TTL ma| O 25 .1 .02 .02
ISBL_CMS mA| 0O 10 08 0 .02
ISBH_CMS ma| 0 10 1 0 .02
ICCER va| 0 1000 95 0 4
120K mA|{ D 10 .1 .01 .01
120D mA| O 115 .8 2.2 0.7
Taal_LH ns 0 55 .0 4.7 h.1l
TiAl EL ns 0 E .3 1.3 3.2
TAAZ LH  os| 0O 55 -8 0.7 0.6
|7aa2 HL  ms| O 55 45 .2 1.0 [ 1.1

* No measurements could be made due to radlation damage in the parts.

1/ The mean and standard deviatlon were calculated over the four lrradiated parte ‘n each test group.




Table V. Summary of Low and High Temperature
Electrical Measurements after 168 hours of annealing. 1/

ILow Temp. -6B5°C High Temp. 125°C
TGl TG2 TG3 TGl TG2 TG3
Epec, LImics
Parameters min
VIH. min ki q
VIL, max v 0.8
YOHL v 2.4
VCH2 v 2.4
VoLl my {
VOL2 mv [
ITH ui 0 {
IIL uk -0 {
ILDH uh =10 0
ILDL ui =14 0
Z3BL_TTL mA Y 04
ISBH_TTL mAi 0 .04
ISBL_CMS ma 0 0
ISBH_CHSZ mA 0 0
ICCDR A { 0
ICCY ma G 0.2
ICCD ma 0 2.5
Taal_LH ns 4 1.0
TAAL_HL ns 0 1.3
TAAZ _LH ns 0 0.6
ThA2_HL ns ] J.9

*  No measurements could be made due to radiation damage in the parts.
1/ The mean and standard éeviation were calculated over the four rarts in sach tesgt group.



Table VI. Funct.

Groupt - Static 1, Biased

A Test Summary for S128K8L-55MC

Test Freg. |Pre- Total Dose Exposure (Krads) Annealing
Tast #  Description *  (MHz} (Irrad. 5 10 20 | 40 80 24 nhrs | 192 hrs
e 0°s, 178, chkbd 10 Pass IP/17F Fall Fail Fail Fail Fall Fail
2 Merch, Galpat, eto. 10 1p/3F 2P/2F Fail Fall Fail Fail Fall Falil
3 0°s8, 178, ¢hkbd 5 Fass 3p/1F Fall Fail Fall Fail Fail Fall
4 March, Galpat, etc,. 5 1p/3F 2P/2F Fail Fail Fall Fall Fail Fall
5 0“8, 175, chkbd 2 Pass Fags Fail Fall Fail Fall Fail Fall
[ Dats Retention 1 Passa 3P/1F Fall Fail Fail Fail Fail Fail
GroupZ - Static 2, Biased
Tast Freq. |Pre- Total Dose Exposure (krads) Annealing
Toest # Dascription * (MHz) |[Irrad. 5 10 20 40 B 24 hrs 192 hrs
1 6°s, -"s, chkbd | 10 IP/1F Fail Fall Fail Fail Fail Pail Fail
2 March, Galpat, esteo.| 10 Fail Fail Fail Fall Fail Frall Fail Faill
3 0°s, 1°s, chkbd 5 3P/17 Fail Fall Fail Fail Fail Fail Fall
4 March, Galpat, oto. 5 Fail Fall Fail Fall Fall Faill Fall Fail
[ 078, 18, chkhd 2 3p/1F Fall Fail Fail Fail Fail Fail Fail
G Data Retention 1 Pags Fail Fatl Fail Fail Fail Fail Fail
Group3 - Unbiased
Test Freq. |Pre- Total Dose Expeosure (krads) Annealing
Test 4  Description * {MHz) |Irrad. 5 10 20 40 80 | 24 hrs | 192 nrs
1 0°s, 178, chkbd 10 Paga Pags Pags Fail Fall Fail Fail Fall
2 March, Galpat, etc.| 10 1B/3F 1P/3F 1P/3AF Fail Fail Fail Fail Fail
3 03, 1°s8, chkbd 5 Pasg Passa AP/1F Fall Fail Fail Fail Fail
4  'March, Galpat, e<g. 5 Fail 1P/3F 1p/ap Fail Fail Fail Fall Fail
3 078, 178, chkbd 2 Pasa Pass Pasa Fall Fail Fail Fail Fall
& Data Retentlon i Pass Pass ap/1F Fall 2p/2F Fail Fail Fail

Saa notes after Tsble 3 for details on

=11-

the functicnzl testing,




Ficgure 1. Radiation Bias Circuit for S128K8L-585MC

{Test Groups 1 and 2 only)
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